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AND THE EFFECTS OF SWEEP ON A WING ALONE

By Gerald Hleser end Charles ¥. Whitcomb
SUMMARY

An investigation was conducted to determine the effects of a nacelle
on the serodynamic characteristics of & swept wing and the effects of
sweep on & wing alone. The ‘eerodynamic characteristics were determined
from force end pressure measurements and tuft studles at Mach numbers
of 0.13 to 0.61 for the wing-nacelle combination end at 0.13 to 0.70
for the wing alone. The angle of attack was varied from 0° to the
stalling sngles at a Mach number of 0.13 and from -1.65° to 6° at the
higher Mach numbers.

The results showed that the measured varlation of lift-curve slope
with sweep engle is in good agreement with theory up to 3o° sweep, bub
at greater sweep angles the theory apparently underestimates the effects
of sweep. The presence of the nacelle increased the lift-curve slope
gbout 10 perceng wlth the wing at h5° sweep but decreased the slope
slightly at -45 sweep. The nacelle had no effect on the lift-curve
slope of the unswept wing. The presence of the nacelle did not
appreclaebly alter the stalling characterlstics of the wing at sweep
angles of 45° or -45°, but for the unswept wing the eddition of the
nacelle caused an apprecleble reduction in the maximum 1ift coefficient
and in the angle of attack at maximum 11ft.

In general, for Mach numbers up to 0.61 the drag increment due to
the nacelle was lower for the swept configurations than for the unswept
conflgurations.

The addition of the nacelle to the wing reduced the longltudinal
stabllity at all sweep angles. For both the wing alone and the wing-
necelle combination, & marked increase in longlitudinal stability
resulted from positive sweep, whereas only a small inoreese was
realized for negative sweep (-45°).

When the wing was swept back or swept forward to an angle of 45°,
high pressure peaks and adverse pressure gradients occurred near the

leading edge of the wing at the acute Junction of the wing and nacells.
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INTRODUCTION -

Recent investigations have been conducted to evaluate the effects
of using sweep as & means of reducing and delaying the adverse effects
due to compressibility on the asrodynamic characteristics of a wing.

One of the problems which arises is whether any unfavorable
effects occur which tend to lessen or cancel the effects of sweep when
a nacelle is added to a swept wing. A study of the effects of wing-
nacelle interference at low speeds on a swept wing with various nacelle
configurations is given in reference 1.

The purpose of the present investigation is to determine the
effects of a nacelle on the aerodynamic characteristics of a swept
wing (over a large speed range) and to compare these effects with the
results obtained from the unswept wing and nacelle. In addition, the
effects of sweep.on the aerodynamic characteristics of a wing alone are
.presented. An NACA 65,-215 wing in combination with a modified
NACA 111 body was tested in the Langley 16-foot high-speed tunnel at
swesp angles of 0°, 45°, and -45° for a range of Mach number from 0.13
to 0.61. The wing alone was tested at sweep angles of 0°, 150, 30°,
45°, and -45° for a range of Mach mumber from 0.13 to 0.70.

SYMBOLS
A aspect ratio (b2/S)
a speed of sound in air, feet per second
b/2 semispan of model, feet
b! /2 length of quarter-chord line between root and tip chords , feet
(f1g. 1)
c section chord of wing paral.j!.el to air stream, feet
c mean aerodynamic chord measured parallel to air stream, feet

(reference 2)

Cp chord of root section of wing, feet

Ct chord of tip section of wing, feet

cp section chord perpendiculaer to gquarter-chord line of original
wing, feet

1 +c 1
Co average chord, feet <°_r_2__t>
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chord et root of wing determined by intersections of wing
leading and trailing edges with lins perpendiculer to
quarter-chord line of unswept wing at intersection of
root chord of swept wing and quarter-chord line of
unswept wing (fig. 1)

chord at tip of wing determined by intersections of wing
leading and trailing edges with line perpendicular to
quarter-chord. line of unswept wing at intersection of
tip chord of swept wing and quarter-chord line of

unswept wing (fig. 1)

drag coefficient (D/qS,;)

. S_E o
nacelle drag coefficlient (SN (cDmg—nacelle ch:Lng alone))

1ift coefficient (L/gSy)
wing normal-force coefficient (N/qSy)

section normal-force coefficient (n/qSy)

- pltching-moment coefficient about g_uarter-chord. point of mean

aerodynamic chord (M'/qdSy)
1ift, pounds
drag, pounds

pitching moment about gquarter-chord point of mean aerodynamic
chord, foot-pounds

section normal force, pounds

wing normal force, pounds

free-stream dynamic pfessure, pounds per sgquare foot (-;'-pVQ)
wing area, square feet

maximm n;a.ce]le frontal area, square feet

mass density of free stream, slugs per cl.1bic oot
free-stream velodit‘y, feet per second. -

lift-curve slope

Mach number (V/a)

critical Mach number

e i et v W —————— T M v —— s —— —_— e e e—
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y spanwise distance along quarter-chord line of original wing,
measured from tunnel wall, feet
b'd distance in longitudinal plane, feet
1 nacelle length, feet
P - Po
P pressurse coefficient q
P local static pressure at any polnt, pounds per square foot
Po free-stream static pressure, pounds per square foot
a angle of attack, corrected for tunnel-wall effects and balance-

frame deflection, degrees

@y angle of attack, corrected for tunnel-wall effects, degrees

Cg geametric angle of attack, degrees

A sweep angle between line perpendicular to plane of symmetry
- and quarter-chord line of unswept wing

1 aspect-ratio-correction factor for 1lift (reference 3)

MODEL AND APPARATUS

A 10-foot semispan NACA 65,-215 wing which had a mean chord of
3.33 feet in the unswept configuration was used for the present study
in the Lengley 16-foot high-speed tunnel. The wing was tapered linearly
from a root chord of 4.44 feet to a tip chord of 2.22 feet and had no
geometric twist or dihedral. The alrfoil sections were perpendicular
to the quarter-chord line of the unswept wing. The wing was mounted as
a reflection-plane model, and sweep was obtained by pivoting the wing
about the 50-percent station of the root chord. A different wing tip
was used for each engle of sweep so that the tip was parallel to the
tunnel air stream. The spanwise locations of the eight stations of
pressure orifices with reference to the intersection of the quarter-
chord line and the tunnel well are given in table I. The chordwise
locations are also included. Photographs of the wing mounted in the
tunnel at each angle of sweep are shown as figure 2. Table II gives the
dimensions of the wing at each angle of sweep. )

The nacelle used was a modified NACA 111 solid body (no intermal
flow) and was mounted at the midsemispan so that its longitudinal axis
corresponded with the wing chord line, and the W5-percent-chord station
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of the nacelle corresponded with the 50-percent-chord station of the
wing. The nacelle coordinates are given in table ITI. The maximhm
diameter of the nacelle was 1.18 feet and the length was T7.08 feet.
Pressure orifices were located on the nacelle at stations 3/16 inch
from the wing surface at the inboard and outboard Junctures of the wing
and nacelle. Orifices were also located on the nacelle surface in

the verticel and horizontal planes through the longitudinal axis of
symmetry. Photographs of the wing and nacelle mounted in the tummel

at sweep angles of 45° and -45° are shown as figure 3. A sketch showing
the nacelle mounted on the unswept wing is given in figure k4.

In order to allow clearance for deflections of the tunnel balance
frame, a ‘gap of 1/2 inch was provided between the tunnel wall and the
wing surface. This gap allowed leakage of alr between the tunnel test
sectlion and the test chamber. In an attempt to reduce the effect of
leakage on the flow about the wing, leakage deflection plates were
installed on the wing surface. These plates were located 1/2 inch from
the tunnel wall and extended 2 inches from the upper and lower surfaces
of the wing as shown in figure 5.

Vertical plates were Installed on the upper surface of the wing
at 450 sweep in an attempt ti roduce the cross flow over the wing.
These plates were made from ——:anh steel plate and were located parallsl

to the tunnel air stream at spa.nwise stations 12, 30, 48, 66, and
84 inches from the root. They were 1/2 inch deep at the lLO—perc:en‘l:--

chord station and extended to 1% Inches behind the trailing edge. The

top edges of the plates were parallel to the wing chord line. The
wing with the plates installed is shown in the sketch of figure 6 and
In the photograph of figure T.

A further study of the flow over the wing at 45° sweep was made
by comparison of the drag characteristics resulting from a straight
vane parallel to the undisturbed tunnel air stream at the midsemispan
and a curved vane at the same location. The contour of the curved
vane was calculated from measured pressures at the midsemispan by
esSuming that the induced velocities were imparted only to the air-
stream velocity component perpendicular to the quarter-chord line.
The measured pressures were obtained at a Mach number of 0.56 and an
angle of attack of 6°. Both vanes extended from 1 inch ahead of the
leading edge to l2 inches behind the trailing edge and hed a constant

depth of 4 inches above the upper-surface contour. Sketches of the
wing with the straight and curved vanes installed are shown in figure 8,
and photographs of these configurations are presented as figure 9.

TESTS |

The variation of Reynolds number with Mach mumber is given in
figure 10 for each angle of sweep. Reynolds number is based on. the
average chord in the direction of the tumnel air strean.
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. Pressure and force measurements were obtained for the wing alone
at sweep angles of 0°, 150, 30°, 459, and -45°, and these tests covered
& Mach nimber range of 0:13 to 0.7l. The angle of attack was varied
from 0° to the stalling angles at a Mach number of 0.13 and from ~1.65°
to 6° at the higher Mach nmumbers.

Tuft studies and force and: pressure measurements were obtained
for the wing-nacelle cambination at sweep angles of 00, 450, and -45°.
for Mach numbers of 0.13, 0.20, 0.40, and 0.61. The angle of attack
ranged from 0° to stalling angles at a Mach number of 0.13 and
from -1.65° to 6° at the other Mach mumbers.

For angles of attack of 0°, 3°, and 6° and Mach mumbers of 0.13
and 0.20, force and pressure measurements and tuft studies were obtained -
with the vertical plates installed on the wing at 45° sweep.

With the straight and curved vanes installed on the wing at 45°
sweep, force measurements were obtained at Mach numbers of 0.20 and 0.56
and angles of attack of 5°, 6°, and T°.

1

CORRECTTORS

The change in angle of attack due to the deflection of the tunnel
balance frame was determined, and the resulting correction was applied
to the angle of attack for all data except those for tuft studies and
those at a Mach number of 0.13. At this Mach number the correction
was negligible.

The angle of attack and all force coefficients were corrected for
Jet-boundary effects by the reflection-plane method outlined in
reference 4. A small correction for drag. of the leakage deflection
Plates was applied; however, no attempt was made to correct the data
for possible effects of leakage at the tunnel wall.

: |
RESULTS AND DISCUSSION

Force Characteristics

Lift.- The variation of 1ift coefficient with angle of attack for
the wing alone at Mach numbers from 0.20 to approximately 0.70 and for
sweep angles of 0°, 159, 300, 450, and -45° are presemted in figure 11.
The effect of sweepback on the lift-curve slope is shown in figure 12
and ls compared with the theoretical variation computed by the method
outlined in reference 3. The agreement between the experimental and
theoretical results is very good at sweep angles up to 30°; however, -
at larger angles, the velocity-component concept apparently underestimates
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the effects of sweep on the lift-curve slope. Better agreement at the
higher sweeps would be attalned if 1t is assumed that the leading edge
is the correct reference in measuring the sweep angle, since the lea.d_-l.ng
edge sloped at an angle of about 3° with reference to the quarter-
chord line.

The effect of sweep on the spanwise load distribution of the wing
is presented in figure 13 for sweep angles of 0°, 45°, and -45° at wing
normel -force coefficients C of 0.20 and 0. lI-O The center of load

shifted outward at sweepback because of the fact that the inboard
vortices were more effective in producing upwash on the sections near
the tip. This shift resulted in a decrease of induced angle of attack
and,, consequently, an increase of the effective angle of attack which
caused an increase in the loading over the tip portion of the wing.

At sweepforwerd the Inboard vortices were less effective in producing
upwash at the tip and resulted in a reduction of loading over the
outboard portion of the wing.

The variation of 1ift coefficient with angle of attack for the
wing-nacelle combination is given in figwre 111- for Mach mumbers of 0.20,
0.40, and 0.61 and sweep angles of 0°, 45°, and -45°. The slopes of
'bhese curves are compared with the slopes of' the curves from the wing-
alone date and are presented as a function of Mach number in figure 15.
There was no change in the slope due to the presence of the nacelle on
the unswept wing in the Mach number range investigated. At A = 45°
the presence of the nacelle increased the lift-curve slope by about
10 percent, whereas at A = -45° +the effect of the nacelle was to
decrease the slope slightly. These changes resulted from & mumber of
effects. The nacelle may be more or less effective as a lifting surface
then the portion of the wing which is projected through the nacells. )
The interference between the flow fields of the wing and the nacelle
affects the 11ft. The change of the air-flow pattern over the wing
which arises from sweep might be altered somewhat, especially when the
nacelle protrudes ahead of the leading edge and above the upper surface
of the wing. The distribution of downwash over the wing portions
inboard and outboard of the nacelle may be influenced.

The slope of the 1lift curve was considerably less at 45° sweep-
forward than at U5° sweepback. At negative angles of sweep the location
of the tralling vortices with respect to the flow field about the wing
was such thet the vortices were more effective in producing downwash
than at positive angles of sweep. Consequently, a greater induced angle
of attack and therefore a smaller effective angle of attack resulted.

A comparison of the 1ift characteristics through the stall of the
wing alone and the wing-nacelle combination for sweep angles of 09, 459,

and -450 at a Mach number of 0.13 is shown in figure 16. The presence
of the nacelle on the umswept wing reduced the stalling angle from 220
to 14° and reduced the maximum 1ift coefficient from 1.36 to 1.06.
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The nacelle, however, had no serious effect on the stalling character-
istics for the swept configurations. At 45° sweepback the maximum
1ift coefficient obtalned for both the wing alone and the wing-nacelle
combination was about 1.10; whereas, at 450 sweepforward the maximm
1ift coefficlent obtained was '0.97. At these swept configurations,
for both the wing alone and the wing-nacelle combination, the progress
of stall was gradual, and no sharp loss of 1ift was encountered up to
about 32° angle of attack. -

Drag.- The variation of drag coefficilent with 1ift coefficient for
the wing alone at sweep angles of 0°, 159, 30°, 45°, and -45° is presented
in figure 17 for Mach numbers from 0.20 up to the maximm tunnel Mach number
(approx. 0.70). In general, the range of 1ift coefficients in which the
drag coefficients remained lower for the swept wing than for the unswept
wing Increased with increasing Mach number. At 1ift coefficients below
about 0.23, the drag coefficient of the 45° sweptforward wing was
lower than for the U5C sweptback wing. At higher 1ift coefficients,
the drag for 45° sweepforward increased more rapidly with increasing
1ift than for 45° sweepback. This difference of increase in dreg with
1ift 1s associated with the lower lift-curve slope of the wing at
sweepforward. .

The drag coefficient was slightly higher for the 15° swept wing
than for the unswept wing at all values of 1ift coefficient and Mach
number. Apparently, the benefits due to sweep which tended to reduce
the drag (for A = 15°) were smaller at finite values of 1ift coefficient
then the adverse effects due to the smaller aspect ratio and lower 1ift-
curve slope. The cause of the drag difference at and near zero 1lift is
not apparent, but the difference is relatively small in magnitude.

In figure 18 the variation of drag coefficient with 1ift coefficient
is presented for the wing-nacelle combination at sweep angles of 0°,
450, and -45° and Mach mmbers of 0.20, 0.0, and 0.61. A comparison of
these drag coefficients with the drag of the wing alone for 1lift coef-
ficients of 0, 0.20, and 0.40 is presented as a function of Mach number
in figure 19. The increments of drag coefficient due to the nacelle at
a 1ift coefficient of 0.20 over the Mach number range from 0.20 to 0.61
were approximately 0.0016, 0.0010, and 0.0012 for 0°, 45°, and -45° sweep,
respectively. In order to compare the nacelle drag increment for the
various sweeps and Mach numbers, the nacelle drag coefficient C@ (based
on the maximm nacelle frontal area) is presented as a function 1ift
coefficient in figure 20. TIn general, the nacelle drag coefficient for
the wing at 45° and -45° sweep was lower than for the umswept wing.
This difference was probably due in part to the smaller wetted area of
the nacelle in the swept positions.

One of the primary effects due to the presence of- the nacelle on
a wing is the fact that the nacelle represents a solid boundery which :
inhibits spanwise flow over the wing surfaces. TIn order to gain some -
indication of the effects of such a solid boundary on the drag of a
swept wing, the variation of drag coefficient with 1ift cosfficient is

-
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presented in figure 21 for the wing at U5° sweepback with the curved
aend stralght venes instelled. A somewhat lower drag resulted from the
curved.-vane configuration. '

Pitching moment.~- The variation of pitching-moment coefficient with
1ift coefficlent for the wing alone at Mach mumbers ranging from 0.20
to approximately 0.70 is given in figure 22 for sweep angles of 0°, 15°,
309, 45°, and -45°. The pitching-moment data for the w:l.ng—na.celle
com'b:l_nation are shown in figure 23 for sweep angles of 00, 450, and -45°
end. Mach numbers of 0.20, 0.40, and 0.61. The effect of na.celle and
sweep on the slope of the pitching -moment curve is presented in figure 2k
at a Mach number of 0.61. The effect of the nacelle was to reduce the
stability slightly at all angles of sweep. Sweeping the wing in the
positive direction resulted in-a marked Increase of stabllity-which was
caused by the outward shift in the center of load as was shown in
figure 13. At -45° sweep the stebility was increased dus to the inward
shift of the center of load. -

Pressure Distributions

Pressure distributions of the wing-nacelle inboard and out'board.
Junc'bures ere presented in flgures 25 to 27 for sweep angles of 0
450 apd -45° at 1ift coefficients of 0.20 and 0.40 and Mach num'ber of
a.pproximtely 0.60. No adverse pressure peaks were present on the
unswept configuration. At A = 45°, high negative pressure peaks and
adverse pressure gradients existed near the leading edge at the inboard
Juncture, whereas at the negative sweep position the same flow character-
istics resulted at the outboard Juncture near the leading edge of the
wing. The critical Mach number was surpassed for the sweptback position
at 1ift coefficlents of both 0.20 and 0.40 and for the sweptforward
position at a 1ift coefficient of 0.40. Despite these supercritical
pressure peaks, the nacelle drag for the swept configurations based
on nacelle frontal area was lower than for the unswept configuration
ag is shown in figure 20. Apparently the pressure peaks caused by
wing-nacelle interference were too localized in the Mach number range
investigated to influence the over-all drag materially. At higher Mach
mubers, however, the adverse pressure peaks at these configurations
would. mndoubtedly be extended sufficiently to increase the over-all
drag. Tests of a high-aspect-ratio swept wing in combination with a
fuselage conducted in the Langley 8-foot high-speed tpnnel show that a
severe drag rise occurs at the acute Juncture in a Mach number range
above that of the present investigation. The swept wing-nacelle inter-
ference which causes such a drag rise may be reduced by proper Jjuncture
modifications, the nature of which would require a detailed study. The
data in reference 1 indicate that a modification in the contour of the
nacelle-portion which protrudes shead of the wing leading edge to
conform with the flow pattern immediately ahead of a swept wing is
effective in reducing the pressure peaks at the Juncture.,

\
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Figures 28 to 30 show pressure distributions on the upper and
lower surfaces in the vertical plane of symmetry of the nacelle for
sweep angles of 0°, 45°, and -45° at a Mach number of about 0.60 and
1ift coefficients of 0.20 and 0.40. For the swept configurations the
pressure gradients behind the maximum negative pressures were more
gradual than for the unswept configuration. In addition, the effect
of the sweep was to move the center of pressure forward. on the nacelle.
No extreme pressure peaks occurred over this portion of the nacelle for
any of the test conditions.

Pressure contours for the upper and lower surfaces of the wing
alone are presented in figures 31 to 42. As would be expected from
the theory of sweep, the negative pressures on both the upper and lower
surfaces were reduced as the sweep was increased. Figures 31 to 33
show the effects of sweep on the locatlion of the peak pressures for a
1ift coefficient of 0.20 and a Mach mmber of 0.61. At zero sweep, the
peak pressures on the upper surface occurred at about the 35-percent-
chord station over the entire span of the wing. For the wing at 450,
the peaks toward the inboard portion of the wing remained at about the
35-percent-chord station, whereas near the tip they shifted forward to
the leading edge. At A = -45° +the peaks along the span occurred at
the leading edge except for those near the tip which were shifted
slightly rearward. The effects of sweep on the spanwise distribution
of peek pressures are also evident in figures 31 to 33. The peaks
shifted outward for positive sweep and inward for negative sweep.

This effect 1s consistent with the spanwise-loading curves presented
in figure 13. It 1s apparent from figures 32 and 33 that the spanwise
pressure gradient at sweepforward was greater than at sweepback; and
since the peak pressures occurred farther forward on the wing at sweep-
forward, the gradient effected a spamwise flow over a greater portion

of the wing.

Figures 34 and 35 present pressure contours on the wing at a 1lift
coefficient of 0.20 and a Mach number of 0.61 for sweep angles of 15°
and 300, respectively. These figures show that the peak pressures on
the upper surface were shifted progressively outboard as the sweep angle
was increased. In addition, Increasing the sweep reduced the magnitude
of the pressures on both the upper and lower swurfaces.

A comparison of figures 31 and 34 shows that the spanwise pressure
gradient along the trailing edge for the 0° and 15° sweep positions
were of approximately the same magnitude but opposite 1n slope. This
fact indicates that the spanwise flow in the boundary layer should be
of about the same magnitude.

Pressure contours for the wing at A = 0°, 45°, and -45° for a
1ift coefficlent of 0.20 and a Mach number of 0.20 are presented in
figures 36 to 38. A comparison of these pressures with those of
figures 31 to 33 indicates that & change in Mach mumber from 0.20 to 0.6
had no appreciable effect on the pressure contours.
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The contours of figures 39 and 40 are shown with the wing at. 45°
sweepback for a 1ift coefflcient of zero and Mach numbers of 0.20
and O. 61 respectively. The upper surface peaks across the span

' occurred. between the 45- and 50-percent-chord stations at both Mach

numbers. Increasing the 1lift coefficient to 0.40 shifted the peak
pressures on the upper surface to the leading edge of the wing
(figs. 41 and 42).

Figures U3 to 52 show the pressure contours for the wing-nacelle
combinatlion. These data are presented for the same 1ift coefficients,
Mach numbers, and sweep angles as are given for the wing alome in
figures 31 to 33 and 36 to 42. As was previously shown in figures 26
and 27, high locelized pressure peaks exlsted at the leading edges of
the wing-nacelle inboard Juncture of the sweptback wing and the wing-
nacelle outboard juncture of the sweptforward wing. In general, the
lines of constant pressure on both the upper and lower surfaces at
these Junctures were so altered because of the wing-nacelle inter-
ference that they became normal to the alr stream. This fact indicates
that in the vicinity of the juncture where the critical pressures were
exceeded. the resulting shock also occurred in a direction normal to
the alr stream; therefore, the loss through the shock was greater than
would have been experienced. had the shock been oblique to the oncoming
flow.

The pressure contours on the 45° sweptback wing with vertical plates
installed, for a 1ift coefficlent of 0.40 and a Mach mmber of 0.20,
are presented in figure 53. Apparently the plates were somewhat effective
in reducing the extreme localized pressure pesks at the leading edge near
the tip, but they did not alter the pressure pa:btern on the trailing
portion of the wing.

Visual Observation of Flow Characteristics

The flow patterns in the boundary layer on the wing alons and the
wing-nacelle combination for sweep angles of 00, 450, and -45° at
various angles of attack and Mach mumbers are presented in figures 54 to 57.
These patterns were interpreted from tuft studies of the flow over the
model. With the wingat A =0° and A = 45° and angles of attack
for a 1ift coéfficient of 0.40, the addition of the nacelle caused a
slight deviation of the flow in the immediate vicinity of the nacelle
only (figs. 54 and 55). Figure 56 shows that, at the same 1ift coef-
ficlent, the addition of the nacelle to the sweptf.'orward. wing resulted
in no d.etecta.'ble deviation in the flow. In addition, figures 55 and 56
indicate that neither the distortion of the alir stream due to the velocity
components which result from sweep nor the spanwlse flow near the trailing
edge was altered by the presence of the nacelle.
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Comparisons of the flow patterns over the wing and the wing-
nacelle combinations are presented Iin figure 57 at geometric a.ngles
of attack of 18°, 22°, and 200 for sweep angles of 0°, 450, and -L45°,
respectively. At A Z—0° the addition of the nacelle apprecia.bly
increased the aree over which wnsteady flow occurred, which indicates
that a substantlal loss of 1ift resulted. The patterns for the swept
configurations show that the presence of the nacelle had very little
Influence on the flow characteristics over the wing and did not
appreclably increase the area of unsteady flow. The results shown by
these patterns serve to supplement the 1ift data of figure 16.

The flow pa.t'bern over the wing.at 45° sweepback and at a geametric
angle of attack of 6° with the vertical plates mounted on the upper
surface is presented in figure 58. This pattern shows that the plates
were relatively ineffective in reducing the boundary-layer spanwise
flow over the trailing portion of the wing. Visual observations of
tufts mounted on the surfaces of the plates Indicated that the ailr
flowed upward on the inboard surfaces of the plates and downward. on the
surfaces facing outboard.

Figure 59 presents the flow patterns over the wing at A = 45° with
the stralght and curved vemes ingtelled. The distortion of flow due to
sweepback was reduced immediately-outboard of the stralght vane, whereas
the curved vane had no noticeable influence on the pattern of flow.

CONCLUSIONS

The results of an investigation to determine the effects of a
nacelle on the aerodynamic chracteristics of a swept wing and the results
of the effects of sweep on the aerodynamic characteristics of the wing
alone led to the following conclusions:

1. The experimental variation of wing lift-curve slope with sweep
angle is in good agreemsnt with the theoretical varistion up to 30°
sweep. At greater sweeps, however, the veloclty-component concept
apparently underestimates the effects of sweep on the lift-curve slope.

2. The presence of the nacelle increased the lift-curve slope of
the 450 sweptback wing by about 10 percent, whereas the nacelle slightly
decreased the lift-curve slope of the 450 gweptforward wing. The nacelle
did not affect the lift-curve slope of the unswept wing.

3. The presence of the nacelle did not appreciably alter the 1lift
and stalling characteristics of the wing at sweep angles of 45° or -45°,
but for the unswept wing the addition of the nacelle caused an appreclable
reduction of the maximum 1ift coefficient and of the angle of attack for
maximm 1ift. At 45° or -45° sweep the progress of stall was gradual
and no sharp loss of 1ift was encountered up to an angle of attack of
about 32°.
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L. In general, for Mach mumbers up to 0:61 the drag increment due
to the nacelle was lower for the swept configurations than for the
unswept configurations. At a 1ift coefficient of 0.20 and Mach numbers
ranging from 0.20 to 0.61, the d.rag increments were approximately 0.0016,
0.0010, and 0.0012 for o° 450, and -U50 sweep, respectively.

5. The presence of the nacelle reduced the longitudinal stebility of
the wing slightly at all sweep angles. For both the wing alone and the wing-
nacelle combination, & marked increase in longitudinal stebllity resulted
Ffram positive sweep, whereas only a small increase was realized for
negative sweep (-45°).

6. When the wing was swept back or swept ‘forward to an angle of 45°,
high pressure peaks and adverse pressure gradients occurred near the
leading edge of the wing at the acute Junctlon of the wing and nacelle.

Langley Aeronautical Laboratory T
National Advisory Committee for Aeronautics
langley Field, Va., June 8, 1948
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TABLE I

WING PRESSURE (RIFICE LOCATIONS

Spenwise locations Chordwise J(.oc):a.tions , xfc
a
Distance along quarter-
chzr;niinzaﬁom Upper surface Lower surfa.be
in.)
A =0° A = 30° ° °
.00k .00k
15.00 22.70
30.00 37-70 .008 .008
145.00 _52.70
52.25 29-95 .01 .010
67-T5 T5.45
'9?(5)-88 3‘}‘38 .015 .025
10%.00 | 111.70 .025 .050
A=15° | A=15° 050 100
18.55 28.45 . .200
2%.55 ‘%‘g o715 2
235 56. .100 .
55.80 g?-.'ro 0 250
T1.30 .20 . .
78.55 88-35 0 320
93.55 103.45 .250 A
107.55 117.45 2 0
JREES .350 550
115 50 .650
;i:;g <550 ‘ T30
;ﬁ-gg .650 .850
%-Z{g 750 .950
90.75 B850 | mee--
-950 C meees '

a'Mea.sureﬁ. for all sweep angles. ’ W
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TABLE IT

GENERAL DIMENSIONS OF THE NACA 65,-215 WING

(deg)

b/2
(£1)

A

Cr
(£+)

(£2)

c

(2%) | (£%)

c T

3

(sq§¥f)

b'/2
(£+)

(£t)

15
30
45

10.00
9.81
8.96
7.51
6.72

6.00
5.76
4.78
3.32
2.66

by
L.54
%.99
6.02
6.75

2.22
2.27
2.49
2.99
3.35

3.46|L4.44
3.53|k.51
3.88|4.59
4.68 hl69
5.24/4.18

2.22
2.25
2.29
2.33
2.09

33.33
33.38
33.50
33.8
33.9%

10.00
10.15
10.32
10.64

9.51

3.33
3.38
3.0k
3.51
3.13

15
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TABLE IIT

NACA TN No. 1709

NACELLE COORDINATES

D tanenfs ™™ | Raatus of saceile
(in.) (1n.)
o 0
1.062 1.345
2.123 2.031
4 .oh6 3.050
6.369 3.793
8.492 4.387
12.738 5.251
16.984 5.886
21.230 6.355
25.476 6.709
29.722 6.950
33.967 T.077
38.213 T7-077
4o 459 6.978
46.705 6.737
50.951 6.355
55.197 5.803
59.443 5.123
63.689 4.331
67.935 3.47h
T2.181 2.625
76 427 1.762
80.673 877
8.799 4
84.919 0

SR
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Air flow

~ KA

Figure |.— Chords and spans on swept wing.
Wing shown at A.=45°,

17
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(b) A = 15°,

(¢) A = 30O,

Figure 2,- Wing mounted in Langley 16-foot high-speed tunnel.

W

1.-56603
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(d) A = 45°,

(e) A = -45°,

Figure 2.- Concluded. 1.-56804
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(b) A = -45°,

Figure 3.- Wing-nacelle combination mounted in Langley 16-foot high-

speed tunnel.
L.-56605
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: :Wing 50-percent-chord station
| Nacelle 45-percent-chord station

Section A-A ! WA

(taken at 50 percent semispan)

Figure 4 .— Location of nacelle on wing at A=0°,
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Tunnel wall

Figure 5.—Location of leakage deflection plates.
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Air flow

Parallel to v
| . »
A P
_,_,.,'1'%%[///,‘1”” /7 nnt ':A

/ o
L
e e o

- - view

5 sweepback with vertical plates

Figure 6 .~ Wing ot 4
installed on upper surface.
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. <z

' 1,-51089

Figure 7.- Wing at 45° sweepback with vertical plates installed on upper surface.
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Air flow / Air FO‘"

. 4“
I"——"<— Ilail I"‘m_ llan
. Section at midsemispan Section at midsemispan

Rear = 2\ Rear
(a)Wing with straight vane. view (b) Wing with curved vane. view

—
| —

Figure 8.— Wing at 45° sweepback with straight and curved vanes mounted at

‘midsemispan., A B
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" (a) Wing with straight vane.

(b) Wing with curved vane.

Figure 9.- Wing at 45° sweepback with straight and curved vanés instalied.

L.-56606
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Figure 10.— Variation of Reynolds number with

Mach number and sweep. ( Reynolds number
is based on average chord in stream direction.)
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Figure il.—Variation of lift coefficient with

angle of attack for wing alone.
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Lift coefficient, G

Angle of attack, «, deg

(f) M=0.61.

Figure 11.— Continued.
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Figure 12.— Variation of .the calculated and
dGC
measured values of lift-curve slope do:,L

with angle of sweep.
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Figure 14.— Variation of lift coefficient with
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NACA TN No. 1709

b7

7
.//
6 . Jé.,dei . //
. s 45 /
v ‘45 .
5
o"'_4 ‘ // //
AL
2, A ALY
‘g | // A |/
/
2 s ,
g / /3/ A
NS e%
A
Ny
%
) 0 2 4 6 8

Angle of attack, o, deg

(b) M=0.40.

Figure 14. — Gontinued.




NACA TN No. 1709

.8
f{/
A
_ . Jé-, deg /
4 45 ’
6 v -45 /
/
5
o_l //
i /
o 7
5 . / / .//l
o / e
. A LA |/
= o . // /
4
A
ViVi%
o/ A/
~lo 0 2 4 6 8
Angle of attack, «, deg
(c) M=0.61.

Figure 14.— Concluded.

- —- ce—— - ————— - e = me-
R . T - T T -



- e e e et e R e ottt e < A = s it -~

e O
a 45 ‘
10 43 Aoty )
ek | eg wing alone
08 —
e | | —30
¢5l )
o 'U06 — -"""—‘A__ - '
e =
N B B g Y
04 1 '
~NEE
02 L—
: 2 3 5 6 7
Mach number, M
Figure 15.— Variation of lift ~curve slope with Mach number

/\., deg (wing-nacelle)

for wing alone and wing-nacelle combination.

€OLT "ON NI VOVM

64



1.4 y
, LT
2 Jdeg]” ‘
i = "’_’__Jq_, —
1.0 3/ il RN /ﬁ“f - —
5 A & =
© 7 % /’ﬁ—
-~ .8 Hlansed” A
E : / IIlll ’I/"’
:.!‘.:’ 6 ' /5245 a
L) -4'
5 Wing alene
o L AAAL | | oo Wing-nacel le
0 1 L

o) 4 8 12 6 20 24 28 32
Angle of attack, a4,deg

Figure 16.— Variation of lift coefficient with angle of attack
- for wing alone and wing-nacelle combination. M=0.13.

0s

60LT *ON NI VOVH



NACA TN No. 1709

g
N\, deg
6 —¢ 9 4
t% A
k-2 A

s
, .
O 3 /' _//)/
£ 1/
(5 F
-:Ig—, 2
o -1
| ~wr
oo o0z 03 .04
Drag coefficient, Cp
{a) M=0.20.

. Figure 17 .—Variation of drag coefficient with
~ lift coefficient for wing alone.




52 — NACA TN No. 1709

7
6 4..deg ’ﬁ;
- /
o 30 /V
5 4 45 7 //
| v-45 //;/
s " Y
£ s /dVa
i
O
" fﬁ/
E
o 1A
|
~lo o 02 03 .04
Drag coefficient, Cp
(b) M=0.30.

Figure 17.— Continued.



NACA TN No, 1709

4
J\,deg od
.6 ) O /
> 30 777
o
5 A 45 ////
) v =45 / /
' AN/

L
H
S
AN
O

coefficient,

Lift
.

RS

- L |
1o~ 02 03 .04
Drag coefficient, Cp -

(c) M=0.40.

Figure |7 .— Continued .

.05

e e e | iy T ——— A —. = i



NACA TN No, 1709

qr
rd
S I W B
oug, ////
5 o 30 ///;/9
. 45 Va4

v -45

S 4 /
£ '/2§;//-
S 3 7
L .2

f‘_:l

<A
- | S |
oo 02 03 .04 .05
Drag coefficient, Gp

(d) M=0.5l.

Figure 17.— Continued .



NACA TN No. 1709

8

Lift coefficient, G

Figure 17.— Continued.

. ;Iog,deg FA
B A
v-45 ////
| A
_7//
Y o
4%
M A
%
)/
HH
i
O o 02 03 .04 05
Drag coefficient, Gp
(e) M=0.56.




NACA TN No, 1709

. 8 —
7 ., deg @ ﬁ
o ? /ﬁﬁ
6 ¢ %% “:
v -45 / //e’
: 174
74
(SJ 4 //g’
g VI ot
2 Y.
§ 3
(8]
£ o2
o |
7
~RAA
...l |
0] Ol 02 03 .04 .05
Drag coefficient, Gp

(f) M=0.61.
Figure 17.— Continued.




NACA TN No. 1709

8

ol N

N

Lift coefficient, G|

o7

T
.//
o %’deg - ///
P % £/
:-45 //;//
.
74
7
o=
7
4
/
!
I
L» i
: i cAI
0] o 02 03 04 .05 .06

Drag coefficient, Cp

(g) M=0.66.
Figure 17.— Continued.




NACA TN No. 1709

Lift coefficient, G|

8
-
7o 0% 069 vod
s 15 69 N
o 30 .70 /// e
61 4-43 &9 T
N
41z
4 ’,é/
3
2 ,
7
, I
7l
0 L T
oo o0z 03 04 05 .06

Drag coefficient, Cp

(h) M=0.70 (approx).
Figure [7.— Goncluded .



NACA TN No. 1709 ' 59

7
6 |— 4\.deg | r4
61 0
45 /
v-45 4
5 /|
V
4 7 val
r . }3 .
(&
. AV
€ . I /4
: /|
3 f
5 |

, | |
"0 Ol - 02 03 04
Drag  coefficient, Cp

(a) M=0.20.
Figure 18.— Variation of drag coefficient
with lift coefficient for wing-nacelle
combination.




60 . . NACA TN No. 1709

7
-
6 o O’deg .//
v-42 a
5 ,
/
A Ak
g 4%
£ .3 /| Zd
3 /
Vi
N flli
Nk
}
-
T o or o0z 03 04 .05
Drag coefficient, GD

(b) M= 0.40.
Figure 18 .— Continued.



NACA TN No. 1709

8

; ~
- A\, deg /
o -0

6 —15-43 7

S5 //

~C
N

\s‘
Q,K \

coefficient, G|

Lift
N

RN
RIE,
|

...l
0o .0l .02 03

' Drag coefficient,
(c)M=0.61.

Figure 18.— Concluded .

04
Cp

.05

.06

61




= ) ' NACA TN No. 1709

2 - C| (wing
' : alone)
—— _...49;.—---—--— """—‘0’_/-/]40
N —— |
L= —e——20
-t g —0
01 === ==
o fa) N=0°
S 4 ;
3 C, (wing-nacelle)
S o 040
2 a .20
< .03 29 'Cwing |
8 — _alon
g o I O
S.02 |
0 |1 .20
1 1 (o)
Ol L —
b) A =15°. :
o) |( ) L ,
2 3 4 5 6 = P

Mach number, M

Figure 19 .— Variation of drag: coefficient with Mach
number for wing alone and wing-nacelle combination.



WACA TN No. 1709

03 CL(wig%eJ
/—/.40 a
.02
—1——+20
0Ol ————-’”——’—/ _—1 O )
o) (c) A=30°
O 9 {11 -
CL(wing-nacelle)
s ¢ 0.40
f_-; 2 .20
£ 04 °0
()]
3
' | Cy (wing
S 03 p S S N N N L{ alone)-
o 40
02
o ——F——— === p— 20—
Ol b—=ft=—=— e - | 0
(d)-.(\.=45°.
O l ] l 1 I
2 3 ‘4 5 6 7 .8

Mach number, M

Figure 19. — Gontinued.




6k NACA TN No. 1709

CL (wing-nacel l_e)

s 0.20
oo ~ f 0
© 02 C,_(wmg
£ | alon
-3 S P —— -8 ——-*20
£ ol |
S S e e S PR = — -O
|

§ o P

2 .3 4 5 .6 7 8

Mach number, M
(e) J\ ==45.

Figure 19.— Concluded.



NACA TN No. 1709 ‘ )

A, deg
o)
"""""""" 45
—————=4
.08 S i
.04 —"‘:'—'——/"f:—_—:-:—"r' |
M=020
0 L
-
Z 12
o -]
—
4-. /
2 ]
,:g .08 |
< _
8 ey
04 e 1.
| p~<{. . o g -
g =l T q
S M=0.40
0 [ 1
9
D
8 .6
2
12 | )
/
ol
08 P
/
//,
.04 | JER— - T ~]
'-'_—:-—::.:.____________——-P’
M=.0.61 .
o I GI a W

Lift coefficient, C_

Figure 20 — Variation .'of nacelle drag coefficient with lift

- coefficient.




66 NACA TN No., 1709

o Wing with straight vane
= Wing with curved vane

.50
F
46 ,_
5 , ,///
- ) - /
§ % | /i
R
g .38 — //
: /
- 34} '
30 ' ;
o .0l .02 .03 .04
Drag coefficient, Gp
Figure 21.— Gomparison of drag coefficient

for wing with straight vane and wing

with curved vane. A=45° . M=0.56.



NACA TN No, 1709 : . 67

Pitching-moment coefficient, Cma /4

0o
VIt
vl T
-.02 N
\\& ,
o T
-04 : A1) X .:ié\_

(a) M=0.20.
06 ., deg
o O
s 15 -
o 30
a 45
v"45
-0
-0 ~c
e
Tz
-04 L == —io
(b) M=0.30. SNACA
_.06 i 1 ' | |

-2 o) 2 4 6 8
Lift coefficient, G|

Figure 22.—Variation of - pitching - moment
coefficient with lft coefficient for wing alone.

- —



. Pitching-moment coefficient, Cmg 14

NACA TN No. 1709

O .
~ v |
- 02 \%\%—
S
o
-04 et
-06
0]
Lrﬁv %
-02
, ~a
\A
BN
-04 ' p— o—t——1 [
- — |
lid) M=051. | >~<mes
-.06_2 YO —

2 4 - .
Lift coefficient, G|

Figure 22.— Continued . |



NACA TN No. 1709

() M=0.66.

Figure 22. — Cdntinued :

A\, deg
o O
< a IS
o ¢ 30
£ a 45
O v-45
- 0
-
Q2
;f__f ‘ﬁN
8 -.02 "
-;E, - \‘K .
E ) “:E@?
g -'04 Aj % A O
£ SN o
S -.06 =
a - 0 2 4 .6 8
Lift coefficient, CL




70 NACA TN No. 1709

0]
*W%'\*
-.02 N
< \
P
- 4 S
R I e = =
o 06 (e) M=056. | %
(&) -
= M\ ,deg
o o 0O
3 a I5
o 30
= a 45
§ v-45
& Y .
e s
5  -02 T r—
§ 0 L
'R x\ ~mE
-.04 —A —%?"9‘ Py
ﬂ\%&%§%0 i
‘l\
.06 (f) M=06I. [~
=2 0 2 4 o .8

Lift coefficient, G

Figure 22.— Continued .



NACA TN No, 1709 yaR
A\, deg M
o 0O . 069
m 15 69
¢ 30 70
< a 45 g
S v =45 . 69
£ 0 '
O
"g“ ‘kv\v\t_‘,}\
i -02
5 e N
S RN
- "'04
S e —o]
: e
® T -
? -.06 \\\g\{}\
o
£
g ~u
& -08; 0 5 4 6 8

Lift coefficient, G|

(h) M=0.70 (approx.).

Figure 22. — Goncluded.




0]
~ d N\ )—-—d—re
B
..
-04 7
M=0.20
<
g -06
(& 'A'_vdeg
e O
'E“ a 45
g o M
®
8 -
72 R p iy
s .- = N
< 02 -*&\
- s
£ 3
t -04 © B
g +
= .
,‘_3 M=040
[+ I -06 I
0
- 02
\\.
e
T
-.04 \& A\ |1
M=0.61 |~ gaca—"
~08, 0 2 4 6 8

Lift coefficient, Gy

NACA TN No. 1709

Figure: 23.—Variation of piti:hing-moment coefficient
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Figure 31.— Pressyre contours for the wing al
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Figure32.—Pressure confours for the wing alone. A=45;’;
C =0.20; M=0.6l.
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Figure 33—Pressure confours for the wing alone. A=—45°,
C=0.20 ; M=0.6l.
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Figure 3¢ —Pressure contours for the wing _alone. A=15°
C; =0.20 , M=0.6l.
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Figure35.—Pressure contours for the wing alone. A=30° ;

G =0.20 ; M=0.6l.
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Air flow
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Figure37—Pressure contours for the wing alone. A=45°,
C; =0.20 ; M=0.20.
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Figure 38— Pressure contours for the wing alone. A=-45°

G =0.20; M=020.
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Figure39 —Pressure contours for the wing alone. A=45°
G =0 ; M=0.20.
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Figure4Q—Pressure contours for the wing dlone. A=45°

C =0 ; M=0s6l.
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Air flow

Lower surface

Figure 41.—Pressure contours for the wing alone. A=45 ;
C=040;M=0.20.
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Figure 42— Pressure contours for the wing alone. A=45°;
C,=0.40; M=061.
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Figure 43.—Pressure contours for the wing-nacelle combination.

N=0°; G=0.20, M=0.58.
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Figure44—Pressure contours for the wing-nacelle combination.
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Figure45—Pressure contours for the -wing-nacelle combination.
N=—45%C|=0.20 ; M=0.6l. .
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Air flow

Figure 47—Pressure contours for the wing-nacelle combination.
N=45°, CL=O.20°, M=0.20.
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Figure 48.—Pressure contours for the wing-nacelle combination.
N=—45° G =020; M=0.20.
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Air flow

Lower surface

Figure49-Pressure contours for the wing-nacelle combination.
NA=45°;, G=0 ;, M=0.20.
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Figure 50—Pressure contours for the wing-nacelle combination.
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Figure 51 —Pressure contours for the wing-nacelle combination.

N=45°,

C,=0.40; M=0.20.
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Fiqure52—Pressure contours for the wing-nacelle combination
N=45°, G|=0.40 ; M=06l.
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Air flow

W
~ Figure 53 —Pressure contours for the wing with

vertical plates on the upper surface.

A=45°; G =040; M=0.20.
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—-——--—Flow direction over wing alone
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Figure 54—Flow patterns over the wing and wing-nacelle

combination. A=0°; ocg=4°; M=0.13.
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Figure 55— Flow patterns over the wing and wing-nacelle

combination. A.=45°, Cg* 7°, M=0.13.
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Figure 56—Flow patterns over the wing and wing-nacelle

M=0.13.
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Figure 58 .—Flow patterns over wing upper surface
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Wing with straight vane ' Wing with curved vane
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Figure 59 —Flow patterns over the wing with a straight vane and a
curved vane at the midsemispan.  A=45° ;(x,g=6°-, M= 0.20.




